Seasonal variations
in the volume and concentration of human serum have been reported by several investigators (BASS and HENSCHEL, 1956 YOSHIMURA, 1958) . YOSHIMURA (1958) noted an increase in the circulating blood and serum volume in the hot season with a concomitant decrease in volume in the cold season.
Osmolality of the serum and the serum electrolyte concentrations increased in the winter and decreased in the summer. The changes are highly correlated with the seasonal change of ambient temperature, but with some time lag.
SARGENT and WEINMAN (1962, 1966) pointed out that there is a ranking or hierarchy of the precision of physiological regulation of the physico-chemical properties of the internal environment. The properties which are essential for the proper functioning of the organism show little inter-and intra-individual variations.
Among these, the osmolality and electrolyte concentrations of serum are certainly included.
On the other hand, concentrations of enzymes, substrates and catabolic wastes, show considerable variations. When the organism is exposed to some kinds of environmental changes, these properties of the internal environment of the organism show adaptive changes, and a similar hierarchy of variability exists in these adaptive changes.
Two series of experiments were performed to study the seasonal variations of body fluid and salt concentration with respect to homeostasis on the one hand and in view of the ranking of variability in these adaptive changes on the other hand.
METHODS
The first series of experiments was performed on three healthy male student volunteers. They spent about 40 days in our laboratory during the summer of 1963 1. This graphic presentation is completely consistent with the concept of a hierarchy in the precision of regulation of the internal environment, as described by WEINMAN (1962 and 1966) . The graph also permits a comparison of the hierarchy of the precision of regulation in summer and winter.
There are important differences in the coefficient of variations in each season, especially with respect to blood volume.
These seasonal differences were examined more closely in the second series of experiments, and the principal results under basal conditions are summarized in TABLE 2. These more detailed studies confirmed that osmolality, sodium, and ADH concentrations show highly significant seasonal changes, while the chloride difference is not significant at all. Though the trend of our data is definitely towards a decreased hematocrit and increased circulating blood volume in the summer, the differences are not statistically significant. Even those characteristics of the serum that did not show statistically significant differences, showed seasonal changes when the data were examined for each individual.
Nevertheless, the degree of seasonal changes is less in this experiment than was previously reported from our laboratory ten years ago (YOSHIMURA, 1958) . As the factors contributing to this decrease in seasonal variations, the improved and more wide spread air conditioning in Japanese houses, and an overall improvement in nutritional status of various characteristics may be pointed out. These seasonal differences of blood properties were followed in the water loading and sweating tests, respectively.
It will be noted that seasonal differences are maintained under these stresses, as shown in FIG. 2 , on osmolality as summarized in group means and standard deviations.
Winter and summer are characterized by fixed levels of osmolality which the regulatory processes are directed. The hemo-concentration resulting from sweating and the hemo-dilution resulting from water loading occur relative to this fixed level. Although the recovery from the hemo-concentration after sweating took longer in summer than in winter, the magnitudes of the responses are otherwise not significantly different.
Among the serum electrolytes studied, the seasonal changes were the most obvious in sodium concentration, and these results are plotted in FIG. 3 . The control data show that sodium concentrations are maintained constant but at a higher level in winter.
After is decreased but returns to the control value for the respective season within 2 hours. After sweating, the serum sodium concentration fluctuates in both seasons, but the increase in the summer is obvious.
On the other hand , in the winter time the serum sodium concentration decreases first and tends to retain the control level. Similar differences of response to the sweeating test in summer and winter were observed in the serum chloride concentrations as well. In FIG. 4 , the serum chloride concentrations are analyzed on an individual basis by plotting the winter chloride concentrations (abcissa) against the summer concentration (ordinate). These data after the water loading tests were not different from the control data, and are accordingly excluded from this analysis.
As already noted ( This series suggests that reabsorbed chloride (and probably sodium) from the duct of sweat gland is temporarily accumulated in the tissues of the skin during sweating (KuNo, 1956 ). Because the sweat rate is higher in summer, and also because of a greater peripheral circulation in the warm weather, the chloride and sodium which are taken back to the systemic circulation from the skin raise their concentrations in serum in summer. The most remarkable seasonal changes and responses to stresses were observed in the plasma ADH level. In FIG. 5 , means and ranges of plasma ADH level from three subjects are represented. The ADH level decreased after water loading test and increased after sweating test , but the initial levels were regained within 4 hours. Furthermore, plasma ADH level was significantly higher in summer than in winter, and changes induced by water loading and by sweating were observed at the summer level and at the winter level.
To compare the magnitudes of responses of internal environment to stresses, the percentages of variations after stresses were calculated on the afore-mentioned items, together with plasma specific gravity and hematocrit . This, again, is highly consistent with SARGENT and WEINMAN'S concept of a hierarchy of precision of regulation, and indicates that the variations of internal environment after the stresses are under the influence of homeostatic mechanisms.
A (FIG. 7) . For this, the differences between summer and winter variations are expressed as percentages of annual mean, and these are compared with the individual variations.
Here again, there is a very high correlation (r=0.821 P<0.025) between the two variations.
In addition, the rank orders of the seasonal and individual variations are almost identical, except for high seasonal variations found in osmolality, sodium concentration and ADH. The high seasonal variations found in these parameters compared with the individual variations suggests that they are important factors in the overall seasonal adaptive changes. Consideration of this possibility led us to make the following analyses. In FIG. 8 , the ADH level in plasma is plotted against serum osmolality determined on the same blood sample. Open circles are results obtained under basal conditions and closed circles are those obtained after sweating test or water loading test. Both serum osmolality and ADH show high sea- Open circles are results obtained under basal conditions, and closed circles are those obtained after sweating test (three circles at the top of each group) and after water loading test (three circles at the bottom of each group). drawn under basal conditions. ADH and sodium levels of these samples are plotted with crosses in FIG. 9 . Interestingly, the ADH levels in this acclimated state are the same as the summer levels, but the sodium level is in between the summer and the winter levels. Furthermore, it will be noted that the vector drawn for the winter data is pointing in the direction of acclimated values.
These findings suggest that the seasonal changes in serum electrolytes are caused by repeated heat exposure, leading to sweating and thirst, and therefore to repeated drinking of water. These repeated heat exposures caused the shift of the set point of water and salt balance.
In an experiment of acclimation to heat which was performed in winter similarly to the above-mentioned one, KOSHITANI (1957) found that the daily amount of drinking water increased day by day until two weeks and then it attained a constant high value which was about 130% of the original control level before entering the heat chamber.
The 
SUMMARY
The seasonal variation of body fluid, i. e., hemodilution in summer and hemoconcentration in winter, was studied with respect to homeostasis . The water loading test (ingestion of 20ml/kg of water) and the sweating test (sweat rate of 10-20ml/kg-hr.)
were performed with the same ten subjects both in summer and in winter.
Serum specific gravity , hematocrit, serum osmolality, sodium, potassium, chloride, ADH, and circulating blood volume were measured both under basal conditions and after each experimental stress . Significant seasonal changes were observed under basal conditions in the levels of ADH, sodium, and the osmolality.
These differences were maintained in the hemodilution after water loading and the hemoconcentration after sweating.
The magnitude of the response to the stress, the magnitude of the seasonal variation, and the magnitude of individual variation in the eight variables show very high correlations with each other . From these correlations it was concluded that the deviation of the internal environment after stress, seasonal variation of the internal environment, and individual or daily variation of the internal environment are all controlled by the same homeostatic mechanism.
It was also suggested that the seasonal change of the set point for homeostasis is a result of repeated changes in the internal environment induced by the climate.
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